Introduction
Till twenty years ago the basic concepts of special and general relativity were introduced by speaking of clocks and rods with an unspecified structure. Then the advances in atomic physics and in space navigation led to a revolution in metrology with the elimination of these old idealized notions and their replacements with realistic standards. For instance one can compare the 1965 point of view of Ref. (Basri S.A., 1965) with the 1997 one of Ref. (Guinot B., 1997) .
However also today many scientists still think in terms of the absolute notions of time and space present in the Galilei space-time used in Newtonian physics, due to the fact that on Earth non-relativistic quantum mechanics is able to treat consistently problems ranging from molecular physics till quantum information without taking into account gravity (when needed Newtonian gravity is used). Only the description of light in atomic physics requires relativity (the trajectories of photons do not exist in Galilei space-time). Therefore most of the problems are formulated in inertial frames centered on inertial observers (having a constant velocity) in Galilei space-time (they are connected by the group of Galilei transformations containing space and time translations, spatial rotations and boosts) and, if needed, extended to non-relativistic accelerated frames taking into account the associated inertial apparent forces. The rotation of the Earth and its motion around the Sun are negligible effects for this type of physics.
Instead particle physics must face high speed objects and needs the Minkowski space-time of special relativity. Now the notions of space and time are no longer absolute: only the global space-time is an absolute notion. The Large Hadron Collider LHC particle accelerator at CERN is described with the coordinate time and the coordinate position of an inertial frame of Minkowski space-time centered on an inertial observer. To get the description with respect to another inertial observer one needs the group of Poincaré transformations (space and time translations plus Lorentz transformations Λ, i.e. spatial rotations and boosts; x ′ µ = a µ + Λ µ ν x ν ). In the new inertial frame the new coordinate time (and also the coordinate position) depends on both the old coordinate time and positions. This has generated an endless (and still going on) philosophical discussion on the meaning of time. Since the Lorentz-scalar line element joining two nearby points in an inertial frame of Minkowski space-time is ds 2 =( dx o ) 2 − ∑ r (dx r ) 2 (with the particle physics conventions; ds 2 = −(dx o ) 2 + ∑ r (dx r ) 2 with the general relativity ones; x µ are inertial time, x o = ct, and space, x r , coordinates), space and time increments have different sign (Lorentz signature). The only intrinsic structure of Minkowski space-time is that in each point A there is a light-cone (or null cone) defined by ds 2 = 0, which is the locus of the ray of light (traveling with the velocity of light) arriving in that point from the past or emanating from that point towards the future. The points inside the light-cone in A have a time-like distance from A and can be reached (if in the future) by traveling with a velocity less than the velocity of light. The points outside the light-cone of A have space-like distance from A and could be reached only with super-luminal velocity. If there is an atomic clock in A moving along a time-like curve towards the future its Lorentz-scalar proper time is defined as dτ 2 = ds 2 (dτ 2 = −ds 2 with the other convention) and coincides with the coordinate time x o only in the inertial rest frame of the clock. However, since time is not absolute, there is no intrinsic notion of 3-space and of synchronization of clocks: both of them have to be defined with some convention. As a consequence the 1-way velocity of light from one observer A to an observer B has a meaning only after a choice of a convention for synchronizing the clock in A with the one in B. Therefore the crucial quantity in special relativity is the 2-way (or round trip) velocity of light c involving only one clock: the observer A emits a ray of light which is reflected somewhere and then reabsorbed by A so that only the clock of A is implied in measuring the time of flight. It is this velocity which is isotropic and constant in special relativity.
In Minkowski space-time the Euclidean 3-spaces of the inertial frames centered on an inertial observer A are identified by means of Einstein convention for the synchronization of clocks: the inertial observer A sends a ray of light at x o i towards the (in general accelerated) observer B; the ray is reflected towards A at a point P of B world-line and then reabsorbed by A at x o f ; by convention P is synchronous with the mid-point between emission and absorption on A's world-line, i.e.
. This convention selects the Euclidean instantaneous 3-spaces x o = ct = const. of the inertial frames centered on A. Only in this case the one-way velocity of light between A and B coincides with the two-way one, c. However, if the observer A is accelerated, the convention breaks down and we need a theory of non-inertial frames in Minkowski space-time as the one developed in Ref. (Alba D. et al, 2010 (Alba D. et al, , 2007 . In this theory the transition from an inertial to a non-inertial frame (with its relativistic inertial forces and its non-Euclidean 3-spaces) can be described as a gauge transformation connecting two different generalized conventions for clock synchronization: therefore physics does not change, only the appearances of phenomena change.
However the International Space Station ISS near the Earth and space navigation in the Solar System require general relativity (at least its Post-Newtonian approximation) to take into account the effects of the gravitational field which is missing in special relativity. Now also space-time is no longer an absolute notion but is dynamically determined by Einstein's equations. Einstein's space-times have Lorentz signature but the structure of the light-cones changes from a point to another one. However rays of light, moving along null geodesics, are assumed to have the same 2-way velocity of light c as in special relativity, being an eikonal approximation to Maxwell equations. The equivalence principle implies that global inertial frames cannot exist: only locally near a particle in free fall we can have a local inertial frame and a local special relativistic approximation. Again there is the problem of clock synchronization for the definition of the non-Euclidean 3-spaces: even if the space-time is dynamically determined by Einstein's equations, each solution can be presented in arbitrary systems of 4-coordinates, since this is the gauge freedom of general relativity (form invariance of Einstein's equations under general coordinate transformations). While in non-inertial frames in Galilei and Minkowski space-times there is a good understanding of the apparent inertial forces, in general relativity the gravitational field is described by the 4-metric tensor 4 g µν (x) in an arbitrary 4-coordinate system centered on an arbitrary observer (the line element is now ds 2 = 4 g µν (x) dx µ dx ν ) and it is not clear how to introduce a distinction between gravitational and inertial effects. However this is possible at the Hamiltonian level for the globally hyperbolic, asymptotically Minkowskian space-times, where it is possible to define global 3+1 splittings of the space-time, namely a foliation with 3-spaces evolving in time. The study of the 4-metric tensor in this framework allows one to disentangle the two physical degrees of freedom (or tidal variables) of the gravitational field (the two polarizations of gravitational waves in the linearized theory) and the gauge (or inertial variables) degrees of freedom describing the arbitrariness in the choice of the 4-coordinates. As shown in Ref. (Lusanna L., 2011) among the inertial variables there is the so-called York time (the trace of the extrinsic curvature of the 3-space as a 3-sub-manifold of space-time): it describes the remnant of the special relativistic gauge freedom in clock synchronization in this class of general relativistic space-times.
For the physics in the Solar System one assumes that the relevant Einstein space-times are globally hyperbolic (namely admitting a global definition of time) and asymptotically flat (namely tending to Minkowsky space-time at spatial infinity) space-times containing N bodies (the Sun and the planets) treated as point-like objects carrying multipoles (spin, moment of inertia,... of the extended body). A Post-Newtonian approximation is used in solving Einstein's equations in harmonic gauges and the gravitational waves inside the Solar System are shown to be negligible. While ITRF is essentially realized as a non-relativistic non-inertial frame in Galilei space-time, BCRF is defined as a quasi-inertial frame, non-rotating with respect to some selected fixed stars, in Minkowski space-time with nearly-Euclidean Newton 3-spaces. The qualification quasi-inertial is introduced to take into account general relativity, where inertial frames exist only locally. It can also be considered as a Post-Minkowskian space-time with 3-spaces having a very small extrinsic curvature. GCRF is obtained from BCRF by taking into account Earth's rotation around the Sun with a suitable Lorentz boost with corrections from Post-Newtonian gravity. By taking into account the extension of the geoid and Earth revolution around its axis one goes from the quasi-Minkowskian GCRF to the quasi-Galilean ITRF.
New problems emerge by going outside the Solar System. In astronomy the positions of stars and galaxies are determined from the data (luminosity, light spectrum, angles) on the sky, i.e. on a 2-dimensional spherical surface around the Earth with the relations between it and the observatory on the Earth done with GPS.
Then one needs a description of stars and galaxies as living in a 4-dimensional nearly-Galilei 
Standards of length and time
In this Section we discuss the existing standards for length and time.
Standard of length
In 1975 in the 15th Meeting CGPM of the General Conference on Weights and Measures (Meeting 15, 1975 ) the conventional value of the 2-way velocity of light was fixed to be c = 299792458 ms −1 .
In 1983 the 17th Meeting CGPM of the General Conference on Weights and Measures (Meeting 17, 1983) adopted the following standard of length
The meter is the length of the path traveled by light in vacuum during a time interval of 1/c of a second.
To measure the 3-distance between two objects in an inertial frame we send a ray of light from the first object, to which is associated an atomic clock, to the second one, where it is reflected and then reabsorbed by the first object. The measure of the flight time and the 2-way velocity of light determine the 3-distance between the objects.
This convention is compatible with the Euclidean 3-space of inertial frames in Minkowski space-time. When the technology will allow one to measure the deviations from Euclidean 3-space implied by Post-Newtonian gravity we will need a modified convention taking into account a general relativistic notion of length.
In astronomy the unit of length, defined in the IAU (1976) System of Astronomical Constants, is the astronomical unit AU, approximately equal to the mean Earth-Sun distance (Resolution 10, 1976; IBWM, 2006) . It is the radius of an unperturbed circular Newtonian orbit about the Sun of a particle having infinitesimal mass, moving with an angular frequency of 0.017 202 098 95 radians per day. Measurements of the relative positions of planets in the Solar System are done by radar (or by telemetry from space probes): one measures the time taken for light to be reflected from an object using the conventional value of the velocity of light c.
Both for objects inside the Solar System and for the nearest stars one measure the distance with the trigonometric parallax by using the propagation of light and its velocity c in inertial frames. One measures the difference (the inclination angle) in the apparent position of an object viewed along two different lines of sight at two different times and then uses Euclidean geometry to evaluate the distance. The used unit in astronomy is the parsec, which is 3.26 light-years or 3. 
Atomic clocks and ACES
The time scales like the SI (International System of Units) atomic second are based on frequency standards for microwave atomic clocks based on isotopes like cesium ( 133 Cs) and rubidium ( 87 Rb) and with frequencies of the order of GigaHertz (10 9 
Time scales
The fundamental conceptual time scale is the SI atomic second whose definition is (Resolution 1, 1956)
The second is the duration of 9 192 631 770 periods of the radiation corresponding to the transition between the two hyperfine levels of the ground state of the cesium 133 atom. This definition refers to a cesium atom at rest at a temperature of 0 o K.
It gives a precise and constant rate of time measurement for observers local to the apparatus on the surface of the Earth, i.e. on the rotating geoid (for them it is a unit of proper time (Guinot B., 1997)), in which such seconds are counted.
However from 1971 the conventional practical high-precision atomic time standard is a coordinate time (Guinot B., 1997), the International Atomic Time TAI. TAI is defined as a suitable weighted average of the SI time kept by over 200 atomic clocks (mainly cesium clocks) in about 70 national laboratories worldwide (Circular T263, 2009). The comparison of the clocks is done using GPS signals and two-way satellite time and frequency transfer.
The next step is to connect TAI to the time scales based the Earth Rotation, which were used in astronomical applications as telescope pointing, depended on the geographical location of the observer and were based on observing celestial bodies crossing the meridian every day. Two such scales are:
Greenwich sidereal time is the hour angle of the equinox measured with respect to the Greenwich meridian.
Local sidereal time is the local hour angle of the equinox or the Greenwich sidereal time plus the longitude (east positive) of the observer, expressed in time units. Sidereal time appears in two forms, mean (GAST Greenwich Apparent mean Sidereal Time or LMST Local Mean Sidereal Time) and apparent (LAST, Local Apparent Sidereal Time), depending on whether the mean or true equinox is the reference point. The position of the mean equinox is affected only by precession while the true equinox is affected by both precession and nutation. Let us remember that the equinox is a direction in space along the nodal line defined by the intersection of the ecliptic (the plane of the Earth's orbit) and equatorial planes. The difference between true and mean sidereal time is the equation of the equinoxes, which is a complex periodic function with a maximum amplitude of about 1sec. Of the two forms, apparent sidereal time is more relevant to actual observations, since it includes the effect of nutation. Greenwich (or local) apparent sidereal time can be operationally obtained from the right ascensions of celestial objects transiting the Greenwich (or local) meridian. 
As UT is slightly irregular in its rate, astronomers introduced Ephemeris Time and then replaced it with Terrestrial Time TT.
The The lengths of the sidereal (θ) and UT1 seconds, and the value ofθ, are not precisely constant when expressed in a uniform time scale such as TT. The accumulated difference in time measured by a clock keeping SI seconds on the geoid from that measured by the rotation of the Earth is △T = TT − UT1. The long-term trend is for △T to increase gradually because of the tidal deceleration of the Earth's rotation, which causes UT1 to lag increasingly behind TT. In predicting the precise times of topo-centric phenomena, like solar eclipse contacts, both TT and UT1 come into play, and this requires assumptions about the value of △T at the time of the phenomenon. Alternatively, the circumstances of such phenomena can be expressed in terms of an imaginary system of geographic meridians that rotate uniformly about the Earth's axis (△T is assumed zero, so that UT1 = TT) rather than with the real Earth; the real value of △T then does not need to be known when the predictions are made. The zero-longitude meridian of the uniformly rotating system is called the ephemeris meridian.
Finally the astronomical conventions IUA2000 (Soffel M.H. et al, 2003) for the description of the Solar System (BCRS) and of the space near the Earth (GCRS) introduced the following two theoretical time scales not taken by any real clock but connected with Post-Newtonian solutions of Einstein's equations in special harmonic gauges with Sun, Earth, Moon, planets as matter.
Barycentric Coordinate Time -t B = TCB -it advances at a rate 1.55 10 −8 faster with respect to SI seconds on the surface of the Earth and is the time coordinate in BCRS.
Geocentric Coordinate Time -t G = TCG -it advances at a rate 6.97 10 −10 faster with respect to SI seconds on the surface of the Earth and is the time coordinate in GCRS. The connection to the terrestrial time is assumed to be TT = TCG − L G (TCG − t o ) with a constant rate 
The space-time in the Solar System and near the Earth
In this Section we will describe the conventions used to describe physics on the Earth's surface and space physics near the Earth and in the Solar System. Instead of starting from the Earth, where Newtonian gravity is dominating, we shall begin with the general relativistic description of the Solar System. 
BCRS -Barycentric Celestial Reference System
The resolution B1.3 of IAU2000 (Soffel M.H. et al, 2003) states that the Barycentric Celestial Reference System BCRS is a global reference system of barycentric space-time coordinates for the Solar System within the framework of general relativity. It is centered in the barycenter of the Solar System, which can be considered as a quasi-inertial Minkowski observer with a constant 4-velocity (the time axis of the barycentric time t B = TCB), because the effects of the Milky Way are negligible. Its spatial axes (in the instantaneous 3-spaces Σ t B with t B = const. with rectangular 3-coordinates x i B ) are restricted to be kinematically non-rotating, namely they have no systematic rotation with respect to distant objects in the universe. For all practical applications the spatial axes are assumed to be oriented like the spatial axes of ICRS (see next Section). Therefore to each ICRF frame giving a materialization of ICRS is associated a BCRF frame.
The harmonic 4-coordinates and the retarded Post-Newtonian solution of Einstein's equations for the 4-metric g Bµν (x B ) given in the IAU2000 conventions are
The signature of the 4-metric is the same as for Minkowski metric η µν = ǫ (+ −−−) ( ǫ =+ is the particle physics convention, ǫ = − is the general relativity one). The global reference system BCRS is the reference system in which the positions and motions of bodies outside the immediate environment of the Earth have to be expressed. It is appropriate for the solution of the equations of motion of solar system bodies (the development of the solar system ephemerides). Within it the positions and motions of galactic and extra-galactic objects are most simply expressed. It is the system to be used for most positional-astronomy reference data, e.g. star catalogues.
GCRS -Geocentric Celestial Reference System
The resolution B1.3 of IAU2000 (Soffel M.H. et al, 2003) states that the Geocentric Celestial Reference System BCRS is a global reference system of space-time coordinates for Earth based measurements and the solution of the equations of motion of bodies in the near-Earth environment (artificial satellites) within the framework of general relativity. The GCRS is defined such that the transformation between BCRS and GCRS spatial coordinates contains no rotation component, so that GCRS is kinematically non-rotating with respect to BCRS. The equations of motion of an Earth satellite with respect to GCRS will contain relativistic Coriolis forces that come mainly from geodesic precession. The spatial orientation of the GCRS is derived from that of BCRS, that is by the orientation of the ICRS. Its origin is the world-line of the geo-center (fictitious observer at the center of the Earth): it is the time axis of the geocentric time t G = TCG and the instantaneous 3-spaces Σ t G with t G = const. are inertial hyper-planes (Einstein's convention for clock synchronization) only at the lowest order in 1/c.
GCRS has the following 4-coordinates and retarded Post-Newtonian solution of Einstein's equations for the 4-metric g Gµν (x G ) Without the kinematically non-rotating constraint, GCRS would have a slow rotation (≈ 1.9 arcsec/century) with respect to the BCRS, the largest component of which is the geodetic (DeSitter-Fokker) precession, i.e. it would be dynamically non-rotating (and Coriolis terms should be added to the equations of motion of bodies in GCRS). Instead in the kinematically non-rotating version the motion of the celestial pole is defined in GCRS and the geodetic precession appears in the precession-nutation theory rather than in the transformation between GCRS and BCRS.
In 1) the algorithms for space motion, parallax, light-time and gravitational deflection (for the observer at the geo-center the gravity field of the Earth is neglected in evaluating the deflection(star catalogs and ephemerides use 3-vectors in BCRS) );
2) the series of rotations for precession, nutation, Earth rotation and polar motion (in this order) use 3-vectors in GCRS;
3) the aberration calculation connects the two systems because it contains the transformation between them: its input are two 3-vectors in BCRS and its output is a 3-vector in GCRS; 4) in the VLBI case aberration does not appear explicitly, but the conventional algorithm for the delay observable incorporates 3-vectors expressed in both systems.
ITRS -International Terrestrial Reference System
The International Terrestrial Reference System ITRS is the Earth-fixed geodetic system which matches the reference ellipsoid WGS-84 (basis of the terrestrial coordinates latitude, longitude, height, obtainable from GPS; it has equatorial radius 6, 378.137 m and polar flattening 1/298.257223563) to several centimeters and is defined on the instantaneous 3-spaces Σ t G of constant geocentric time t G = TCG = const.. It uses geocentric rectangular 3-coordinates x T = x ITRS on Σ t G connected to the geocentric ones x G by time-dependent rotations. It is centered on the geo-center like GCRS with the center of mass defined for the whole Earth including oceans and atmosphere. The coordinates of ITRS ≈ WGS84 ≈ GPS are the minimal sea level. The measurement of the form and dimensions of the Earth, the location of objects on its surface and the Earth gravity field are done by means of artificial satellites like the GPS ones (Seeber G., 2003) . Let us remark that the gravitational field inside the Earth is evaluated in geodesy with Newtonian gravity, while the external GCRS gravitational potential is evaluated with Post-Newtonian general relativity and the junction of the two approaches has still to be done.
In the description of Earth rotation precession and nutation are really two aspects of a single phenomenon, the overall response of the spinning oblate, elastic Earth to external gravitational torques from the Moon, Sun and planets. As a result of these torques, the orientation of the Earth's rotation axis is constantly changing with respect to a space-fixed (locally inertial) reference system. The motion of the celestial pole among the stars is conventionally described as consisting of a smooth long term motion called precession upon which is superimposed a series of small periodic components called nutation.
In the old theory precession and nutation are described by 3 × 3 rotation matrices operating on column 3-vectors in a traditional equatorial celestial coordinate system.The 3-vectors have the
is the right ascension,
is the declination and d is the distance from the specific origin of the system. For stars and objects at infinity (beyond the solar system), d is often simply put to 1.
In these traditional systems the adjective mean is applied to quantities (pole, equator, equinox, coordinates) affected only by precession, while true describes quantities affected by both precession and nutation. Thus it is the true quantities that are directly relevant to observations; mean quantities now usually represent an intermediate step in the computation.
Let us now describe the rotations in the 3-spaces Σ t G connecting a GCRS 3-vector x G to a ITRS 3-vector x T according to the conventions of the new theory of Ref. (IERS, 2003) . The new definitions were forced by the fact the the errors in the determination of the old quantities were too big.
A matrix B, called frame bias matrix, is required to convert ICRS data to the dynamical mean equator and equinox J2000.0: x mean(2000) = B x ICRS . The same matrix is used in geocentric transformations to adjust 3-vectors in the GCRS so that they can be operated on by the conventional precession and nutation matrices. The matrix B corresponds to a fixed set of very small rotations:
.8192, all converted to radians (divide by 206264806.247).
If B is the frame bias matrix , P(t G ) the GCRS matrix for precession and N(t G ) the GCRS matrix for nutation, for a 3-vector x G in GCRS we have 
By definition the true celestial pole at date t G -the Celestial Intermediate Pole CIP -in GCRS is the unit 3-vector
By definition the Earth's axis is the line through the geo-center in direction of the CIP. The angle of rotation about this axis (θ, linear in UT1 and independent from the precession-nutation model for the Earth) must be measured with respect to some agreed-upon direction in space (CIO, see later on).
The reference point on the equator (origin of θ) must be defined in such a way that the rate of change of the Earth's rotation angle, measured with respect to this point, is the angular velocity of the Earth about the CIP. As the CIP moves, the point must move to remain in the equatorial plane (instantaneously orthogonal to the CIP axis); but the point motion must be such that the measured rotation angle is not contaminated by some component of the motion of the CIP itself. This leads to the concept of Non-Rotating Origin (NLO) on the equator: as the equator moves the point's instantaneous motion must always be orthogonal to the equator (whereas the equinox has a motion along the equator: the precession in right ascension). That is, the point motion at some time t G must be directly toward or away from the position of the pole of rotation at t G . The point is not unique.
The new conventions use the Celestial Intermediate Reference System CIRS E σ , which has the NLO azimuthal origin at the Celestial Intermediate Origin CIO or σ, a well defined point on the equator of CIP with GCRS coordinates
where E o is an angle, named equation of the origins (the arc on the instantaneous true equator of date t G from the CIO at equinox; it is the right ascension of the true equinox relative to the CIO; it is also the difference θ − GAST, where GAST is the angular equivalent of Greenwich apparent sidereal time), given at p.60 of Ref. (Kaplan G.H., 2005 ). Now we have an orthonormal triad: n G , σ G and
The coordinates in E σ are On the celestial sphere, the Earth's instantaneous (moving) equator intersects the GCRS equator at two nodes. Let N be the ascending node of the instantaneous equator on the GCRS equator.
The matrix C is the CIO-based rotation taking into account nutation, precession and frame bias.
The Earth rotation angle θ with the origin CIO rotates the CIO equatorial axis to an instantaneous axis (the Terrestrial Intermediate Origin TIO orω), which is a NLO azimuthal origin for the Terrestrial Intermediate Reference System TIRS Eω
Then to arrive to ITRS from Eω we must take into account the polar motion In conclusion we have the following sequence of rotations connecting GCRS to ITRS
Therefore ITRS is defined by taking the instantaneous 3-spaces Σ t G of GCRS and by rotating the 3-coordinates in each 3-space to take into account the rotation of the Earth. However in this way all the clocks on the Earth surface have the same geocentric time t G . A more relativistic formulation should replace the final rotation matrix R with a Lorentz transformation Λ = BR, where the Lorentz boost B would imply the transformation of the global GCRS time t G into the different local coordinate times associated with the proper times (SI atomic seconds) of the atomic clocks in each point of the Earth surface.
The space-time outside the Solar System
Reference data for positional astronomy, such as the the data in astrometric star catalogs or barycentric planetary ephemerides, are specified in the International Celestial Reference Thus, the ICRS is a space-fixed system, more precisely a kinematically non-rotating system, without an associated epoch. ICRS provides the orientation of BCRS and closely matches the conventional dynamical system defined by the Earth's mean equator and equinox of J2000.0: the alignment difference is at the 0.02 arcsecond level, negligible for many applications.
However if we take into account the description of the universe given by cosmology, the actual cosmological space-time cannot be a nearly Galilei space-time but it must be a cosmological space-time with some theoretical cosmic time. In the standard cosmological model (Bartelmann M., 2010; Bean R., 2009) it is a homogeneous and isotropic Friedmann-Robertson-Walker space-time whose instantaneous 3-spaces have nearly vanishing internal 3-curvature, so that may locally be replaced with Euclidean 3-spaces as it is done in galactic dynamics. However they have a time-dependent conformal factor (it is one in Galilei space-time) responsible for the Hubble constant regulating the expansion of the universe. Moreover the Hubble constant is also the negative of the trace of the external 3-curvature of the 3-space as 3-sub-manifold of the space-time. As a consequence the transition from the astronomical ICRS to an astrophysical description taking into account cosmology is far from being understood.
Concluding remarks
As we have seen relativistic metrology is a field in rapid evolution and subject to continuous refinements.
The existing standard of length will survive till when the technology will allow us to detect the deviations from Euclidean instantaneous 3-spaces implied by Post-Newtonian general relativity. . As a consequence standard non-relativistic geodesy will be replaced by relativistic geodesy.
Also the transformation from the non-relativistic ITRS on the Earth surface to the relativistic GCRS around the Earth will be accomplished. This will put full control on possible semi-relativistic precessional effects near the Earth surface.
Space navigation inside the Solar System will require refinements of BCRS. In particular to test deviations from Einstein theory of general relativity (the one used in BCRS). See for instance the recent interest in the Pioneer anomaly (Turyshev S.G. et al, 2010 ) and the endless number of proposals for its explanation.
Regarding ICRS we need a general relativistic relativistic version of it taking into account the non-Euclidean nature of the 3-space as 3-sub-manifolds of space-time. The unsolved problems of dark energy and dark matter, required by the standard ΛCDM cosmological model starting from the hypothesis of homogeneity and isotropy of space-time, are pushing towards inhomogeneous cosmological space-times in which the 3-spaces have small internal 3-curvature but a non zero external 3-curvature. The first step will be to face these problems inside the Milky Way finding a relativistic galactic celestial reference frame extending the existing BCRF. To this end the GAIA (Global Astrometric Interferometer for Astrophysics) mission of ESA (Jordi C., 2011; Jordan S., 2008; Klioner S.A. et al, 2005), to be launched in 2012, for the 3-dimensional cartography of our galaxy (position, proper velocity, radial velocity and spectroscopic data for about one billion stars) will be a first relevant step.
